Air quality and meteorological monitoring and sampling equipment housed in a mobile trailer (shelter) is collecting data at eight sites outside the NTS, including Ash Meadows National Wildlife Refuge (NWR), Beatty, Sarcobatus Flats, Rachel, Caliente, Pahranagat NWR, Crater Flat, and Tonopah Airport, and at four sites on the NTS (Engelbrecht et al., 2007a-d) . The trailer is stationed at any one site for approximately eight weeks at a time.
This letter report provides a summary of air quality and meteorological data, on completion of the site's sampling program.
SITE LOCATION AND CHARACTERISTICS
Caliente is located at the junction of the Meadow Valley and Clover washes in Lincoln County, Nevada (37°36′55″N, 114°30′51″W at 4,406 feet in elevation). The population of Caliente is 1,123 inhabitants. It is located about 120 miles northeast of the Yucca Mountain Repository facility ( Figure 1 ) and about 105 miles northeast of Las Vegas along Interstate-93. The climate is characterized by hot summers, cool winters, and less than 20 inches of precipitation (both rain and snowfall) annually. 
AEROSOL SAMPLING AND MONITORING

Filter Sampling
Sampler Description and Procedures BGI, Inc., PQ100 and PQ200 Ambient PM 2.5 Federal Reference Method (FRM) samplers were used to collect 24-h integrated PM 10 and PM 2.5 samples. Figure 2 shows the PQ100 and PQ200 in the mobile trailer (left) and the PM 10 sampling inlets on the top of the trailer (right). Both PQ100 (Designation No. RFPS-1298-124) and PQ200 (Designation No. RFPS-0498-116) are designed to meet the criteria for collecting 24-h samples of ambient aerosol according to the U.S. National Ambient Air Quality Standards (NAAQS). For both PQ100 and PQ200, samples were collected at a volumetric flow rate of 16.67 liters/min. The flow rate is controlled to ±2 percent precision with a mass flow controller. The actual ambient temperature and barometric pressure, filter temperature and pressure, and anomalies (if any) were recorded by a microprocessor. The sampler was equipped to operate from an internal 12-volt DC battery. The battery was normally recharged from 120-volt AC. Alternatively, a 32-watt solar panel with an additional external ballast battery was installed to provide power for periods without electricity. Two sets of PQ100 and PQ200 samplers were installed in the mobile trailer. PM 10 and PM 2.5 samples were collected on filters in numbered cassettes, labeled TT (for PM 10 Teflon), FT (for PM 2.5 Teflon), TQ (for PM 10 Quartz), and FQ (for PM 2.5 Quartz). Each filter cassette was loaded with a preweighed 46.2-mm-diameter PTFE (Teflon) membrane filter (Whatman # 7592-004) or 47-mm quartz fiber (Pallflex #2500QAT-UP) filter. The Teflon membrane collected particles for gravimetric analysis, light absorption by densitometry, and elements by X-ray fluorescence spectrometry. Quartz fiber filters were used for measurement of water-soluble ions by atomic absorption spectrometry, ion chromatography, and automated colorimetry, and also for measurement of carbon species by thermal optical reflectance.
Operation, calibration, and maintenance of PQ100 and PQ200 particulate samplers are described in standard operating procedure DRI SOP # 1-211.2 "BGI PQ100 PM10 and PQ200 PM2.5 REFERENCE SAMPLERS FOR THE YUCCA MOUNTAIN AIR QUALITY PROGRAM." Flow calibration and leak tests (only for PQ200) were performed on the day of installation (May 25, 2007) . The leak check was performed according to the manufacturer's operational instruction manual only for PQ200; no procedure is proposed by the manufacturer for the PQ100. The flow rates were set according to a BGI Tri-Cal NIST traceable standard. The sampler was then placed in "calibration" or "run" mode and a one-point calibration verification or one-point flow-rate verification performed. Aerosol samples were collected on a 1-in-6-day schedule. Audits of the flow and leak tests were done onsite at the beginning and end of the monitoring campaign. Teflon and quartz filters were prepared and assembled in their filter holders by the Desert Research Institute's (DRI) Environmental Analysis Facility (EAF) in Reno and shipped to DRI's facilities in Las Vegas. The filters were kept at -4 o C and transported to the field in a cryo-cooler. Exposed filters were also stored at -4 o C in Las Vegas. Upon completion of the monitoring period at the site, all filters were shipped to the EAF in Reno. Figure 4 ). On, average, fine particles (PM 2.5 ) accounted for approximately one-third of PM 10 (PM 2.5 /PM 10 ratio of 0.35) ( Figure 5 ). The chemical analysis of Teflon and quartz filters will provide more information on the origin of coarse particles. With respect to the chemical composition of PM 10 and PM 2.5 , the following patterns are observed:
Gravimetry
• Sulfur (S) was mostly in the form of sulfate (SO 4 2-) with sulfate-to-sulfur ratio of 2.87 to 3.03. Sulfate and ammonium were almost entirely associated with fine particles, while about 50 percent of nitrate (55 to 60%) was measured in PM 2.5 . Ammonium-tosulfate molar ratios varied from 2.31 to 4.96, suggesting that sulfate aerosols were mostly in the form of ammonium sulfate, (NH 4 ) 2 SO 4 (Malm et al., 2002) . Nitrates appeared to be partially neutralized by ammonium in the fine particle mode, while coarse particles nitrates may be the product of the reactions of nitric acid with soil dust elements such as Ca 2+ , Mg 2+ , Na + , and K + (Lefer and Talbot, 2001 ).
• Carbonaceous aerosol was predominantly in fine particles. For PM 2.5 , organic carbon (OC) concentrations accounted for 66 percent of particle mass. The EC/OC ratio varied from 0.28 to 0.42, which was indicative of fossil fuel combustion emissions.
• Soluble potassium (K + ) accounted for 18 to 25 percent of total potassium in PM 10 and for 48 to 70 percent of total potassium in PM 2.5 . Soluble potassium is a tracer of biomass burning, which suggested the significant impact of emissions from local wood burning and/or regional fire (prescribed or wildfire) events and possible salts in the desert soil. This was further supported by the estimates of nonsoil potassium K nonsoil (K total -(0.26 x [Al])) that were comparable to measured water-soluble K + for PM 2.5 .
Water soluble K + is also present as salts in soils.
• Ratios of Al/Si (0.35 to 0.39) K/Fe (0.81 for PM 10 ) , Al/Ca (0.65 to 1.01) were comparable to those determined for samples collected at the Interagency Monitoring of Protected Visibility Environments (IMPROVE) sites in western United States (Al/Si: 0.31 to 0.43, K/Fe: 0.67 to 0.78, Al/Ca: 1.4 to 1.7) when soil dust was the major component of particulate matter (Kavouras et al., 2005) .
The IMPROVE mass calculation was applied to reconstruct aerosol mass into five major types: sulfate, nitrate, organic, light-absorbing carbon, and soil. For this scheme, sulfate and nitrate are assumed to be in the forms of ammonium sulfate [(NH 4 ) 2 SO 4 ] and ammonium nitrate [NH 4 NO 3 ], respectively (Malm et al., 2004 [OC] is the organic carbon concentration. The 1.4 factor was used to estimate for elements not measured (mainly hydrogen and oxygen) in organic compounds (White and Roberts, 1977 Figure 6 shows the concentrations of ammonium sulfate, ammonium nitrate, organic carbon mass, elemental carbon, and soil for PM 10 and PM 2.5 collected on 12/07/2006 and 1/30/2007 in Caliente. Considering the positive bias for organic carbon measurements:
• Reconstructed particle mass accounted for 75 to 87 percent of measured PM 10 mass and for 122 percent of PM 2.5 mass. The difference between estimated and measured aerosol mass for PM 10 may be attributed to particle-bound water, as lower ambient temperatures during winter favored condensation. Carbonate (CO 3 2-) (not shown in Figure 6 ) accounted for 1.3 μg/m 3 of PM 10 for both samples. The neutralization of coarse nitrate by calcium may also be a contributing factor, since calcium is mostly present as Ca 2+ .
• Carbonaceous aerosol (OMC and EC) appeared to account for 27 to 33 percent of PM 10 and 79 to 84 percent of PM 2.5 .
• Soil represented 39 to 44 percent of PM 10 and about 10 to 27 percent of PM 2.5 mass, while sulfate contributed between 2 and 4 percent on PM 10 and 6 to 11 percent on PM 2.5 ( Figure 6 ). • The differences of PM 10 and PM 2.5 fractions are due to higher concentration of soil elements in the coarse fraction (particles with diameter between 2.5 and 10 μm). 
Aerosol Monitoring
Monitor Description and Procedures
The TEOM Series 1400 Ambient Particulate Monitor from Thermo Scientific and the DUSTTRAK™ Aerosol Monitor from TSI were used to continuously measure PM 10 and PM 2.5 mass concentrations (Figure 7) . The TEOM Series 1400 monitors the ambient particulate mass concentration of PM 10 (EPA certification EQPM-1090-079) (or PM 2.5 ) in real time by direct measurement of particulate mass collected on a filter attached to an oscillating inertial mass transducer. The mass transducer in the sensor unit has a tapered ceramic tube (element) that is fixed at the downstream end and a Teflon-coated glass fiber filter on the free end. The oscillating frequency of the tube changes proportionally as ambient air is drawn through the filter and the particulate loading thereon increases. The flow-rate through the filter sample is set at a nominal 3.0 l/min. A bypass (auxiliary) flow provides an additional 13.67 l/min for a total flow-rate of 16.67 l/min. An internal datalogger stores mass values, time, and some meteorological data. To eliminate bias caused by humidity, the filter is heated to 50 o C. Operation, calibration and maintenance of the TEOM unit is described in DRI SOP 4-111.2 "RUPPRECHT & PATASHNICK (R&P), SERIES 1400A TAPERED ELEMENT OSCILLATING MICROBALANCE (TEOM)." Flow calibration and leak tests were performed on the day of installation (December 5, 2006) . Data were downloaded during site visits. Regular checks of time, filter loading, by-pass filter, and flow rates were accomplished during site visits. The DUSTTRAK™ Aerosol Monitor is a portable, battery operated laser photometer providing measurements of particle mass, based on light scattering. Atmospheric aerosol passes through a size selective inlet (either PM 10 or PM 2.5 ) and is directed to an optics chamber at a flow rate of 1.7 l/min. The light source is a laser diode that emits light at a wavelength of 780 nm. Sampled aerosol is drawn into the sensing chamber where it is illuminated with a narrow beam of laser light. Light scattered by aerosol particles is collected by a set of lenses and focused onto the photodetector. The detector signal is proportional to the amount of scattered light, which is proportional to the mass concentration of the aerosol. Voltage is read by the processor and multiplied by an internal calibration constant to yield mass concentration. The calibration constant is pre-set by the manufacturer for scattering characteristics of the respirable mass of ISO 12103-1, Al-test dust. Local variations in aerosol particle size distribution and composition relative to this standard may result in differences in the actual response factor of the instrument. The operation, calibration, and maintenance of DUSTTRAK are described in DRI SOP 1.211-2 "TSI INCORPORATED MODEL 8520 DustTrak AEROSOL MONITOR FOR THE YUCCA MOUNTAIN AIR QUALITY PROGRAM." Both PM 10 and PM 2.5 DUSTTRAK inlets were attached on a wide "Y" connector, which was connected to one leg of a second "Y" (Figure 8 ). A funnel with a suction fan was connected to the other leg of the second "Y" to achieve fast exchange of ambient air into the sampling line. Flow calibration and zero-test were performed on the day of installation and subsequent site visits. Deviations in flow were predominantly due to failure of the pump diaphragm. In those cases, the instrument was replaced. Deviations of the zero check were corrected by performing zero calibration according to the manufacturer's operational instruction manual. Continuous Measurements of PM 10 and PM 2.5 Trends and correlations of particle mass are examined using hourly TEOM data integrated for 24 hours (from 0:00. to 23:59). Statistics of 24-h particle mass are presented in Table 4 . (Figure 9 ). A consistent relationship between PM fractions was observed during the monitoring period, with fine particles being accounted for 20 percent of PM 10 (PM 2.5 /PM 10 ratio of 0.20) (Figure 10 ). The lowest PM 10 concentrations were measured on Mondays and Sundays (Days #1 and #7) (Figure 11 ). Variations of daily PM 10 and PM 2.5 measured with DUSTTRAK and TEOM are presented in Figure 12 and Figure 13 . The temporal patterns (increase or decrease simultaneously) measured by DUSTTRAK and TEOM were comparable for both PM 10 and PM 2.5 . Daily trends of particle mass concentrations measured by DUSTTRAK and TEOM were comparable for PM 10 mass. The correlations between DUSTTRAK and TEOM were moderate to high (R=0.65 to 0.79). A slope of 0.55788 and an intercept of -3.89448 μg/m 3 ( Figure 14) were computed for PM 10 . This was indicative of the weakness of the lightscattering technique to monitor dust particles that represented 80 percent of PM 10 mass in Caliente. As for PM 2.5 , the slope between TEOM and DUSTTRAK PM 2.5 was 2.66232, with a rather low intercept of 1.07191 μg/m 3 . 
Comparison of Filter to Continuous Results
Figures 15 and 16 show the relationships between PM 10 and PM 2.5 measured by TEOM/DUSTTRAK and filter-based methods. The temporal correlations between PM 10 and PM 2.5 measurements by TEOM and filter methods were good, with correlation coefficients from 0.79 to 0.99. Poor correlations were computed for PM 10 and PM 2.5 measurements by DustTrak and filter methods (0.47 to 0.49). The slope between TEOM/DUSTTRAK and filter-based PM 10 measurements were 0.96858 for TEOM and 0.01588 for DUSTTRAK, while high intercepts are computed. The slopes for PM 2.5 measured by TEOM and DUSTTRAK were 0.6597 and 0.31513, respectively, with insignificant intercepts. 
METEOROLOGY
Variations of hourly data for each meteorological parameter are presented in Figure  17 through Figure 21 . Descriptive statistics of hourly data also are presented in Table 5 . Solar radiation progressively increased up to 58.7 watts/m 2 ( Figure 17 ). Ambient temperature varied from -9.2 to 64.5ºF with a mean temperature of 31.3ºF for the monitoring period (Table 5 ; Figure 18 ). Relative humidity varied from 12 to 99.2 percent. Ten precipitation events were recorded with a total of 0.6 mm ( Figure 19 ). Snow covered most of the region for several weeks in January and February. Wind conditions for the monitoring period were described as very light winds from the northeast/east in the range of 1 to 9 miles/hour ( Figure 20 and Figure 21 ). The classification of wind conditions was retrieved from the Federal Meteorological Handbook (Table 6 ). The mean wind speed for each direction bin (8 bins) is presented in Figure 22 . Figure 22 . Wind direction and speed at Caliente.
For most of the monitoring period, prevailing winds were blowing from the northeast. This is to some extent controlled by the topography of the region. Lower wind speeds are recorded for winds blowing from the southeast (Figure 23 ). 
Associations of Meteorology with Aerosol Measurements
Trends and correlations of PM mass with meteorological conditions are shown for hourly TEOM data. A three-mode pattern is observed for both fractions of particle mass (Figure 24 ). The first mode is associated with comparatively higher particle mass concentration in early morning (7:00 to 9:00 for PM 10 and 10:00 to 11:00 for PM 2.5 ) followed by a gradual decrease. The second mode for PM 10 , can be observed in early afternoon (13:00 to 15:00) as winds were increasing followed by an increase in the evening (19:00 to 22:00). There are significant differences of PM 10 and PM 2.5 concentrations for different wind directions, with substantially higher PM 10 levels for northerly winds (Figure 25 and Figure 26 ). 
